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Introduction {#ehf212625-sec-0004}
============

The prognosis of patients with heart failure with reduced ejection fraction (HFrEF) remains poor despite continuous development in pharmacological and device therapy among patient management.[1](#ehf212625-bib-0001){ref-type="ref"} The association of inflammation and heart failure has long been recognized and acknowledged by the cytokine hypothesis.[2](#ehf212625-bib-0002){ref-type="ref"} Elevated inflammatory markers have been found in HFrEF correlating with disease severity and prognosis.[3](#ehf212625-bib-0003){ref-type="ref"}, [4](#ehf212625-bib-0004){ref-type="ref"}, [5](#ehf212625-bib-0005){ref-type="ref"} Whether elevated inflammatory mediators are solely a marker of disease severity or play a direct role in heart failure remains to be proven; however, there is evidence emerging that inflammation may trigger the development and progression of heart failure.[6](#ehf212625-bib-0006){ref-type="ref"}, [7](#ehf212625-bib-0007){ref-type="ref"}, [8](#ehf212625-bib-0008){ref-type="ref"}

Similar to heart failure, cancer is also a systemic disease, sharing activated inflammatory response and functional and nutritional decline with disease progression as a pathophysiologic hallmark. The inflammation‐based prognostic score termed modified Glasgow prognostic score (mGPS), combining C‐reactive protein (CRP) and albumin, is the currently the most validated inflammatory‐based risk score in cancer, acknowledging the central role of inflammation and related nutritional decline in malignant diseases.[9](#ehf212625-bib-0009){ref-type="ref"} The mGPS is simple to measure, easily available, and well standardized. The clinical utility of mGPS in other diseases than cancer has not been investigated yet. There has been merely one report on acute decompensated heart failure patients confirming the usefulness of the mGPS for the prediction of prognosis.[10](#ehf212625-bib-0010){ref-type="ref"} No data exist on outpatient stable patients with chronic HFrEF.

The aim of this study was to evaluate the relationship of the inflammation‐based mGPS with heart failure severity and nutritional status along with its predictive value on all‐cause mortality in stable chronic HFrEF patients.

Methods {#ehf212625-sec-0005}
=======

Study population {#ehf212625-sec-0006}
----------------

Patients with the diagnosis of HFrEF presenting to the heart failure outpatient clinic at the Vienna General Hospital, a university‐affiliated tertiary centre, were enrolled between January 2011 and November 2017 from a prospective registry. Inclusion criteria were the diagnosis of chronic stable HFrEF, an age \>18 years, and complete routine laboratory data for the respective visit. For each patient data from the earliest visit at the outpatient ward, documented within the registry and fulfilling inclusion criteria, has been obtained. HFrEF was defined as a left ventricular ejection fraction \<35%, and the presence of heart failure symptoms and/or signs, according to current guidelines.[11](#ehf212625-bib-0011){ref-type="ref"} Comorbidities, such as hypertension or diabetes mellitus, and medical therapy were recorded. Patients were controlled as clinically appropriate. Written, informed consent was obtained from all study participants. The study protocol complies with the Declaration of Helsinki and was approved by the local ethics committee of the Medical University of Vienna.

Laboratory analysis and nutritional parameters {#ehf212625-sec-0007}
----------------------------------------------

Venous blood samples were drawn and routinely available laboratory parameters including NT‐proBNP, high‐sensitivity CRP, and albumin were analysed according to local laboratory standard procedures. The glomerular filtration rate was estimated using the Cockcroft‐Gault equation \[estimated glomerular filtration rate (eGFR)\]. To assess the nutritional status, body mass index (BMI) was calculated as kg/m^2^ and the nutritional risk index (NRI) as 1.5 × serum albumin \[g/L\] + current body weight/ideal body weight \[kg\].

Modified Glasgow prognostic score {#ehf212625-sec-0008}
---------------------------------

The mGPS was assessed as previously defined.[9](#ehf212625-bib-0009){ref-type="ref"} Briefly, patients without abnormalities in CRP and albumin levels, that is, CRP ≤10 mg/L and albumin ≥35 g/L, were classified to a score of 0. In case of elevated CRP without hypoalbuminemia, that is, CRP \>10 mg/L and albumin ≥35 g/L, 1 point was allocated. If both parameters were altered, that is, CRP \>10 mg/L and albumin \<35 g/L, patients received 2 points.

Study end point {#ehf212625-sec-0009}
---------------

All‐cause mortality was defined as the primary study end point, and data were obtained from the Austrian Central Office of Civil Registration.

Statistical analysis {#ehf212625-sec-0010}
--------------------

Continuous parameters were presented as median and interquartile range (IQR) and categorical data as counts and percentages. For comparisons between the patient groups with different mGPS, the Kruskal--Wallis test and the Mann--Whitney *U*‐test as well as the χ^2^ test were used. Correlations between two variables were assessed by calculation of the Spearman Rho correlation coefficient to evaluate the effect of mGPS on all‐cause mortality; Cox proportional hazard regression analysis was performed. Additionally, the association of usual clinical and laboratory parameters with all‐cause mortality was assessed. To account for potential confounding effects and to estimate the association of mGPS with mortality, multivariate Cox regression analysis was calculated including clinical confounders as well as parameters reflecting heart failure severity, that is, NT‐proBNP and New York Heart Association (NYHA) class. NT‐proBNP was entered in a logarithmic form. Results are presented as hazard ratios (HRs) per IQR. The probabilities of events over time were presented as Kaplan--Meier curves. Groups were compared by the means of the log‐rank test. For all tests *P* values lower than 0.05 were considered to be statistically significant. The statistical analysis was carried out with the SPSS® 24.0 software system (IBM Corp, New York, NY, USA).

Results {#ehf212625-sec-0011}
=======

Baseline characteristics {#ehf212625-sec-0012}
------------------------

A total of 443 patients were included in the study. The detailed baseline characteristics of the study population are displayed in *Table* [1](#ehf212625-tbl-0001){ref-type="table"}. The median age of the study population was 64 years (IQR 53--72), and 73% of the patients were male. The median BMI was 26.6 kg/m^2^ (IQR 23.8--30.2). Median NT‐proBNP levels were 2053 pg/mL (IQR 842--4345) with most patients presenting in the NYHA classes II (40%) and III (37%). 83.9% of patients had still moderately or severely depressed left ventricular ejection fraction despite already established heart failure (HF) medication. Patients received well‐titrated dosages of guideline recommended heart failure therapy.

###### 

Baseline characteristics of the total cohort of chronic stable heart failure with reduced ejection fraction patients (*n* = 443) and according to mGPS groups

                                                       Total study population (*n* = 443)   mGPS 0 (*n* = 352)                                                                                          mGPS 1 (*n* = 76)                                                                                        mGPS 2 (*n* = 14)                                                                                        *P* value
  ---------------------------------------------------- ------------------------------------ ----------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- -----------
  Age, years (IQR)                                     64 (53--72)                          64 (53--72)                                                                                                 62 (53--71)                                                                                              71 (54--76)                                                                                              0.524
  Male sex, *n* (%)                                    325 (73.4%)                          253 (71.9%)                                                                                                 59 (77.6%)                                                                                               13 (92.9%)                                                                                               0.139
  BMI, kg/m^2^ (IQR)                                   26.6 (23.8--30.2)                    26.5 (24.0--30.1)                                                                                           27.7 (22.2--31.7)                                                                                        24.0 (21.9--28.0)                                                                                        0.132
  NRI, − (IQR)                                         131 (124--137)                       133 (126--138)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}         126 (120--132)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}      117 (110--119)[b](#ehf212625-note-0005){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}      \<0.001
  Systolic BP, mmHg (IQR)                              130 (114--146)                       130 (117--147)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}         119 (103--140)[a](#ehf212625-note-0004){ref-type="fn"}                                                   110 (90--142)[b](#ehf212625-note-0005){ref-type="fn"}                                                    \<0.001
  Diastolic BP, mmHg (IQR)                             80 (70--89)                          80 (70--90)                                                                                                 80 (70--82)                                                                                              73 (64--90)                                                                                              0.014
  Heart rate, bpm (IQR)                                71 (62--80)                          70 (61--79)[a](#ehf212625-note-0004){ref-type="fn"}                                                         75 (67--89)[a](#ehf212625-note-0004){ref-type="fn"}                                                      70 (62--81)                                                                                              0.004
  Comorbidities                                                                                                                                                                                                                                                                                                                                                                                                           
  Diabetes mellitus, *n* (%)                           134 (30.2%)                          105 (29.8%)                                                                                                 22 (28.9%)                                                                                               7 (50.0%)                                                                                                0.229
  Arterial hypertension, *n* (%)                       158 (35.7%)                          132 (37.5%)                                                                                                 24 (31.6%)                                                                                               2 (14.3%)                                                                                                0.177
  Ischaemic aetiology of HF, *n* (%)                   208 (47.0%)                          159 (45.2%)                                                                                                 43 (56.6%)                                                                                               6 (42.9%)                                                                                                0.096
  Atrial fibrillation, *n* (%)                         103 (23.3%)                          80 (22.7%)                                                                                                  20 (26.3%)                                                                                               3 (21.4%)                                                                                                0.781
  NYHA functional class                                                                                                                                                                                                                                                                                                                                                                                                   0.029
  NYHA I, *n* (%)                                      68 (15.3%)                           61 (17.3%)                                                                                                  7 (9.2%)                                                                                                 0 (0.0%)                                                                                                 
  NYHA II, *n* (%)                                     178 (40.2%)                          150 (42.6%)                                                                                                 25 (32.9%)                                                                                               3 (21.4%)                                                                                                
  NYHA III, *n* (%)                                    164 (37.0%)                          118 (33.5%)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}            37 (48.7%)[a](#ehf212625-note-0004){ref-type="fn"}                                                       9 (64.3%)[b](#ehf212625-note-0005){ref-type="fn"}                                                        
  NYHA III+/IV, *n* (%)                                9 (2.0%)                             7 (2.0%)                                                                                                    1 (1.3%)                                                                                                 1 (7.1%)                                                                                                 
  Laboratory parameters                                                                                                                                                                                                                                                                                                                                                                                                   
  Creatinine, mg/dL (IQR)                              1.44 (0.96--1.56)                    1.31 (0.94--1.46)[a](#ehf212625-note-0004){ref-type="fn"}                                                   1.91 (1.12--2.04)[a](#ehf212625-note-0004){ref-type="fn"}                                                2.21 (1.01--2.41)                                                                                        \<0.001
  eGFR, mL/min/1.73m^2^ (IQR)                          70.5 (48.1--95.5)                    73.3 (51.3--98.2)[a](#ehf212625-note-0004){ref-type="fn"}                                                   58.7 (37.8--84.7)[a](#ehf212625-note-0004){ref-type="fn"}                                                47.4 (40.2--86.1)                                                                                        0.003
  BUN, mg/dL (IQR)                                     27.8(16.2--32.9)                     26.3 (15.9--30.8)[a](#ehf212625-note-0004){ref-type="fn"}                                                   34.0 (18.3--48.7)[a](#ehf212625-note-0004){ref-type="fn"}                                                34.1 (19.6--42.3)                                                                                        0.019
  Sodium, mmol/L (IQR)                                 140 (138--142)                       140 (138--141)                                                                                              139 (137--142)                                                                                           141 (137--143)                                                                                           0.264
  Haemoglobin, g/dL (IQR)                              13.25 (12.10--14.60)                 13.51 (12.30--14.70)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}   12.30 (10.75--13.80)[a](#ehf212625-note-0004){ref-type="fn"}                                             11.56 (10.80--12.20)[b](#ehf212625-note-0005){ref-type="fn"}                                             \<0.001
  Platelet count, G/L (IQR)                            225 (178--261)                       220 (176--257)[b](#ehf212625-note-0005){ref-type="fn"}                                                      244 (182--266)                                                                                           266 (212--317)[b](#ehf212625-note-0005){ref-type="fn"}                                                   0.031
  Leucocytes, G/L (IQR)                                8.14 (6.33--9.06)                    8.08 (6.38--8.84)                                                                                           8.54 (6.01--9.67)                                                                                        7.35 (6.10--9.35)                                                                                        0.741
  Bilirubin, mg/dL (IQR)                               0.73 (0.41--0.89)                    0.71 (0.41--0.86)                                                                                           0.85 (0.41--0.98)                                                                                        0.63 (0.31--0.58)                                                                                        0.112
  Cholinesterase, kU/L (IQR)                           6.99 (5.58--8.35)                    7.33 (5.91--8.55)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}      5.81 (4.18--6.91)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   4.42 (3.66--5.35)[b](#ehf212625-note-0005){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   \<0.001
  Gamma‐GT, U/L (IQR)                                  50 (27--105)                         45 (24--95)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}            76 (41--127)[a](#ehf212625-note-0004){ref-type="fn"}                                                     106 (64--301)[b](#ehf212625-note-0005){ref-type="fn"}                                                    \<0.001
  LDH, U/L (IQR)                                       213 (174--230)                       207 (172--225)[a](#ehf212625-note-0004){ref-type="fn"}                                                      240 (187--259)[a](#ehf212625-note-0004){ref-type="fn"}                                                   224 (188--242)                                                                                           0.001
  CK, U/L (IQR)                                        80 (57--117)                         82 (60--119)                                                                                                72 (48--108)                                                                                             78 (58--169)                                                                                             0.109
  HbA1c, % (IQR)                                       6.62 (5.70--7.00)                    6.71 (5.80--7.00)                                                                                           6.18 (5.25--6.80)                                                                                        6.24 (5.50--6.90)                                                                                        0.292
  AST, U/L (IQR)                                       28 (20--30)                          27 (20--30)                                                                                                 30 (21--32)                                                                                              33 (21--40)                                                                                              0.299
  ALT, U/L (IQR)                                       28 (17--32)                          28 (17--32)                                                                                                 25 (16--32)                                                                                              38 (17--44)                                                                                              0.267
  Total cholesterol, mg/dL (IQR)                       171 (138--201)                       173(143--202)[b](#ehf212625-note-0005){ref-type="fn"}                                                       166 (121--196)                                                                                           138 (121--149)[b](#ehf212625-note-0005){ref-type="fn"}                                                   0.003
  Triglycerides, mg/dL (IQR)                           114 (84--157)                        117 (85--163)                                                                                               106 (81--141)                                                                                            97 (68--136)                                                                                             0.061
  NT‐proBNP, pg/mL (IQR)                               2053 (842--4345)                     1830 (764--3455)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}       4484 (1565--8003)[a](#ehf212625-note-0004){ref-type="fn"}                                                6343 (3750--15 401)[b](#ehf212625-note-0005){ref-type="fn"}                                              \<0.001
  Albumin, g/L (IQR)                                   43.3 (40.3--45.7)                    44.1 (42.0--46.0)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}      39.4 (36.5--42.1)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   33.2 (30.8--34.0)[b](#ehf212625-note-0005){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   \<0.001
  hsCRP, mg/dL (IQR)                                   0.36 (0.16--0.74)                    0.27 (0.14--0.51)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}      1.59 (1.11--2.46)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   2.64 (1.47--5.26)[b](#ehf212625-note-0005){ref-type="fn"} ^,^ [c](#ehf212625-note-0006){ref-type="fn"}   \<0.001
  Echocardiographic characteristics (*n* = 330)                                                                                                                                                                                                                                                                                                                                                                           
  LVEF (≥moderately reduced), *n* (%)                  277/330 (83.9%)                      223/263 (84.8%)                                                                                             47/56 (83.9%)                                                                                            7/11 (63.6%)                                                                                             0.194
  LVEF, % (IQR)                                        31 (24--38)                          32 (23--39)                                                                                                 28 (23--35)                                                                                              29 (28--46)                                                                                              0.479
  Left ventricular end‐diastolic diameter, mm (IQR)    55 (43--64)                          55 (43--64)                                                                                                 56 (43--66)                                                                                              57 (43--61)                                                                                              0.951
  Left atrial diameter, mm (IQR)                       60 (48--68)                          60 (48--68)                                                                                                 61 (49--69)                                                                                              61 (55--68)                                                                                              0.932
  Right ventricular function, (≥moderate), *n* (%)     103/330 (31.2%)                      79/263 (30.0%)                                                                                              20/56 (35.7%)                                                                                            4/11 (36.4%)                                                                                             0.711
  Right ventricular end‐diastolic diameter, mm (IQR)   36 (27--42)                          36 (27--42)                                                                                                 34 (26--42)                                                                                              35 (27--41)                                                                                              0.912
  Right atrial diameter, mm (IQR)                      57 (45--65)                          57 (45--65)                                                                                                 60 (46--64)                                                                                              55.5 (50--62)                                                                                            0.933
  Mitral regurgitation (≥moderate), *n* (%)            177/330 (53.6%)                      137/263 (52.1%)                                                                                             35/56 (62.5)                                                                                             5/11 (45.5%)                                                                                             0.360
  Tricuspid regurgitation (≥moderate), *n* (%)         146/330 (44.2%)                      112/263 (42.6%)                                                                                             29/56 (51.8)                                                                                             5/11 (45.5%)                                                                                             0.502
  Medication                                                                                                                                                                                                                                                                                                                                                                                                              
  RAS blockade, *n* (%)                                414 (93.5%)                          337 (95.7%)                                                                                                 64 (84.2%)                                                                                               13 (92.9%)                                                                                               0.158
  Max. recommended dose ≥50%, *n* (%)                  294/414 (71.0%)                      246/337 (73.0%)[a](#ehf212625-note-0004){ref-type="fn"} ^,^ [b](#ehf212625-note-0005){ref-type="fn"}        42/64 (65.6%)[a](#ehf212625-note-0004){ref-type="fn"}                                                    6/13 (46.2%)[b](#ehf212625-note-0005){ref-type="fn"}                                                     0.008
  Beta blockers, *n* (%)                               413 (93.2%)                          333 (94.6%)                                                                                                 66 (86.8%)                                                                                               14 (100%)                                                                                                0.529
  Max. recommended dose ≥50%, *n* (%)                  332/413 (80.4%)                      269/333 (80.8%)                                                                                             50/66 (75.7%)                                                                                            13/14 (92.9%)                                                                                            0.385
  MRA, *n* (%)                                         318 (71.8%)                          259 (73.6%)                                                                                                 50 (65.8%)                                                                                               9 (64.3%)                                                                                                0.478
  Max. recommended dose ≥50%, *n* (%)                  301/318 (94.7%)                      245/259 (94.6%)                                                                                             47/50 (94.0%)                                                                                            9 (64.3%)                                                                                                0.759
  Loop diuretics, *n* (%)                              210 (47.4%)                          162 (46.0%)                                                                                                 39 (51.3%)                                                                                               9 (64.3%)                                                                                                0.172
  Ivabradin, *n* (%)                                   16 (3.6%)                            10 (2.8%)[b](#ehf212625-note-0005){ref-type="fn"}                                                           4 (5.3%)                                                                                                 2 (14.3%)[b](#ehf212625-note-0005){ref-type="fn"}                                                        0.065

Comparisons between groups were assessed by the Kruskal--Wallis and Mann--Whitney *U*‐test for continuous variables and by the χ^2^ test for categorical data.

ALT, alanine transaminase; AST, asparate transanminase; BMI, body mass index; BP, blood pressure; bpm, beats per minute; BUN, blood urea nitrogen; CK, creatine kinase; eGFR, estimated glomerular filtration rate; HF, heart failure; IQR, interquartile range; hsCRP, high‐sensitive C‐reactive protein; LDH, lactate dehydrogenase; LVEF, left ventricular ejection fraction; mGPS, modified Glasgow prognostic score; MRA, mineralcorticoid receptor antagonist; NRI, nutritional risk index; NT‐proBNP, N‐terminal pro B‐type natriuretic peptide; NYHA, New York Heart Association; RAS, renin--angiotensin system

For comparison between the mGPS 0 and 1.

For comparison between the mGPS 0 and 2.

For comparison between the mGPS 1 and 2.

Association between mGPS, NRI, and heart failure severity {#ehf212625-sec-0013}
---------------------------------------------------------

The mGPS score was 0 for 352 (80%), 1 for 76 (17%), and 2 for 14 (3%) patients, respectively. Age, gender, BMI, comorbidities, and heart failure medication were comparable between the three groups. Comparison**s** of the routine laboratory parameters are displayed in *Table* [1](#ehf212625-tbl-0001){ref-type="table"}. Besides worse levels of markers associated with inflammation as albumin and CRP, also haemoglobin levels and kidney function are known to be associated with outcome in heart failure and were significantly altered in patients with progressing mGPS. The median NRI was 131 (IQR 124--137). NRI correlated inversely with NT‐proBNP levels \[rs = −0.32, *P* \< 0.001\] and was continuously decreasing with increasing NYHA class \[137 (IQR 130--141) vs. 132 (IQR 125--137) vs. 127 (IQR 120--135), *P* \< 0.001 for NYHA I vs. II vs. III, respectively\]. The association of the mGPS groups and heart failure severity reflected by NYHA class and NT‐proBNP levels is displayed in *Figure* [*1*](#ehf212625-fig-0001){ref-type="fig"}. Increasing mGPS was characterized by worse NYHA class and increasing levels of NT‐proBNP \[*P* = 0.029 for NYHA class and *P* \< 0.001 for NT‐proBNP\].

![Association between the inflammatory score mGPS and heart failure severity reflected by (A) New York Heart Association (NYHA) classification and (B) NT‐proBNP levels. Comparison between groups was conducted by (A) the χ^2^ test and (B) the Kruskal--Wallis test.](EHF2-7-654-g001){#ehf212625-fig-0001}

Survival analysis {#ehf212625-sec-0014}
-----------------

During a median follow‐up of 21 months (IQR 10--28), 75 of 443 patients (16.9%) died. Regarding the cause of death, there was no difference in the distribution of the mGPS between patients dying from cardiac (progression of heart failure/myocardial ischaemia or arrhythmia) and noncardiac (cancer‐related, renal failure, sepsis, or stroke) reasons. *Table* [2](#ehf212625-tbl-0002){ref-type="table"} shows the association of common clinical variables, laboratory parameters, and NRI with survival. Increasing mGPS was associated with worse outcome in the univariate analysis \[crude HR 3.00 (95% CI 2.14--4.21), *P* \< 0.001\], after adjustment for age and NT‐proBNP \[adj. HR 2.08 (95% CI 1.38--3.12), *P* \< 0.001\] and after adjustment for multiple covariates as age, gender, BMI, and eGFR as well as heart failure severity reflected by NT‐proBNP and NYHA class \[adj. HR 1.87 (95% CI 1.19--2.93), *P* = 0.006\]. Relative to mGPS of 0 hazard ratios for all‐cause mortality were 3.66 (95% CI 2.25--5.94), *P* \< 0.001 for mGPS 1 and 2.76 (95% CI 1.79--4.27), *P* \< 0.001 for mGPS 2. Kaplan--Meier curves shown in *Figure* [*2*](#ehf212625-fig-0002){ref-type="fig"} confirmed the high discriminatory power of mGPS on survival with a 3 years estimate of 84.1%, 52.8%, and 44.2% for the respective mGPS groups with 0, 1, and 2 points (*P* \< 0.001 between all groups, log‐rank test).

###### 

Association of laboratory parameters with outcome in stable chronic heart failure with reduced ejection fraction patients, univariate and multivariate analysis

  Variable                 IQR    Crude HR (95% CI)   *P* value   ROC     Adj. HR[a](#ehf212625-note-0009){ref-type="fn"} (95% CI)   *P* value
  ------------------------ ------ ------------------- ----------- ------- ---------------------------------------------------------- -------------
  Age (years)              19     1.81 (1.26--2.61)   0.001       0.650   ---                                                        ---
  eGFR (mL/min/1.73m^2^)   47.4   0.46 (0.31--0.67)   \<0.001     0.703   ---                                                        ---
  NT‐proBNP (pg/mL)        3502   1.40 (1.28--1.54)   \<0.001     0.768   1.37 (1.22--1.53)                                          \<0.001
  LVEF (%)                 14     0.91 (0.57--1.48)   0.680       0.540   0.84 (0.53--1.32)                                          0.451
  NRI, −                   13     0.62 (0.45--0.86)   0.004       0.597   0.61 (0.42--0.88)                                          0.008
  Systolic RR (mmHg)       32     0.58 (0.41--0.82)   0.002       0.615   0.65 (0.46--0.93)                                          0.017
  BMI (kg/m^2^)            6.4    0.89 (0.67--1.19)   0.431       0.532   1.03 (0.74--1.42)                                          0.881
  GGT (U/L)                78     1.17 (1.07--1.27)   \<0.001     0.670   1.13 (1.03--1.24)                                          0.012
  Haemoglobin (g/dL)       2.5    0.53 (0.39--0.72)   \<0.001     0.652   0.62 (0.44--0.88)                                          0.007
  Sodium (mmol/L)          4      0.75 (0.57--0.99)   0.045       0.573   0.81 (0.63--1.05)                                          0.107
  Albumin (g/L)            5.40   0.50 (0.39--0.64)   \<0.001     0.650   0.55 (0.43--0.74)                                          \<0.001
  hsCRP (mg/dL)            0.58   1.14 (1.08--1.19)   \<0.001     0.700   1.11 (1.06--1.17)                                          **\<**0.001

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; IQR, interquartile range; HR, hazard ratio; hsCRP, high‐sensitive C‐reactive protein; LVEF, left ventricular ejection fraction; NRI, nutritional risk index; NT‐proBNP, N‐terminal pro B‐type natriuretic peptide; ROC, receiver operating characteristic.

Adjusted for age, gender, eGFR.

![Kaplan--Meier analysis of overall survival in stable heart failure with reduced ejection fraction patients according to the modified Glasgow prognostic score (mGPS). Groups were compared by the log‐rank‐test.](EHF2-7-654-g002){#ehf212625-fig-0002}

Discussion {#ehf212625-sec-0015}
==========

This is the first study investigating the impact of a simple inflammation‐based risk score on overall survival in stable HFrEF patients. Elevation of mGPS was accompanied by increasing heart failure severity, assessed by NT‐proBNP and NYHA class, as well as worsening of kidney and liver functional parameters. An increase in mGPS was significantly associated with enhanced mortality, independently of age and NT‐proBNP, with a 3.0‐fold to 3.5‐fold risk increase for a lethal outcome in 3 years for patients with mGPS \>0. Patients with elevated mGPS also showed an impairment in their nutritional status, reflected by the NRI score, emphasizing the interrelationship between inflammation and nutritional depletion in HFrEF and their impact on prognosis.

During the last decades, it became apparent that apart from recognized mechanisms acknowledged as the haemodynamic and neurohumoral hypothesis of the heart failure, inflammation may play a similarly significant role in the pathogenesis and progression of the disease, which led to the elaboration of the cytokine hypothesis.[2](#ehf212625-bib-0002){ref-type="ref"}, [12](#ehf212625-bib-0012){ref-type="ref"}, [13](#ehf212625-bib-0013){ref-type="ref"} Elevated inflammatory markers have been found in HFrEF correlating with disease severity and prognosis.[3](#ehf212625-bib-0003){ref-type="ref"}, [4](#ehf212625-bib-0004){ref-type="ref"}, [5](#ehf212625-bib-0005){ref-type="ref"} The causality between heart failure and the pro‐inflammatory state is not evident. Either inflammation is a direct cause of HF and then its role in the pathogenesis and progression of HFrEF has important therapeutic implications,[14](#ehf212625-bib-0014){ref-type="ref"} or, if inflammation is predominantly a marker of the disease, it may help identify patients benefiting from intensified therapeutic regimens. There is evidence however that an elevated inflammatory state is not only a marker of disease severity but also may trigger the development and progression of heart failure. To begin with, heart failure may develop on the basis of comorbidities associated with low‐grade chronic inflammation as obesity, diabetes, and predisposing substrates as endothelial dysfunction or atherosclerosis.[13](#ehf212625-bib-0013){ref-type="ref"} Patients with dilated cardiomyopathy have a detectable viral genome in \>60% of cases,[6](#ehf212625-bib-0006){ref-type="ref"} and nearly half of patients with dilated cardiomyopathy show cardiac T‐cell infiltrates indicating an underlying chronic inflammatory process.[7](#ehf212625-bib-0007){ref-type="ref"} Also, patients with a chronic immune disorder as rheumatoid arthritis show an increased risk for developing heart failure, and importantly, this risk is similar for ischaemic and nonischaemic aetiologies.[8](#ehf212625-bib-0008){ref-type="ref"} Consequently, inflammation has been targeted with anti‐inflammatory therapies as corticosteroids, statins, or TNF‐α blockade, however, without a significant clinical breakthrough.[15](#ehf212625-bib-0015){ref-type="ref"}, [16](#ehf212625-bib-0016){ref-type="ref"}, [17](#ehf212625-bib-0017){ref-type="ref"}, [18](#ehf212625-bib-0018){ref-type="ref"} This has been attributed to the complexity of the inflammatory response and the limited understanding of the balance of immune mediated injury and repair as well as its temporo‐spatial behaviour.[12](#ehf212625-bib-0012){ref-type="ref"} The inflammatory hypothesis has recently also been tested for atherothrombosis in coronary heart disease, one of the most frequent reasons for heart failure, in the CANTOS trial.[19](#ehf212625-bib-0019){ref-type="ref"} Inhibition of the interleukin‐1β pathway by 150 mg canakinumab in patients with mildly elevated CRP led to a lower risk of recurrent cardiovascular events independent of lipid‐level lowering and, interestingly, also reduced cancer mortality.[19](#ehf212625-bib-0019){ref-type="ref"} For HF patients, the substance was related to a dose‐dependent reduction in HF hospitalization and the composite end point of HF hospitalization and mortality.[20](#ehf212625-bib-0020){ref-type="ref"} The results inspire further investigations in the immunotherapy field for cardiovascular diseases.

Similar to heart failure, cancer is also a systemic disease sharing activated inflammatory response and nutritional and functional decline as a pathophysiologic hallmark. Chronic or dysregulated inflammation is associated with an increased risk of cancer and immune response in established malignant disease is a double‐edged sword.[21](#ehf212625-bib-0021){ref-type="ref"} Interestingly, elevated pro‐inflammatory markers in cancer correlate with elevated levels of cardiovascular markers even in patients without established cardiac disease.[22](#ehf212625-bib-0022){ref-type="ref"} Moreover, there is a hint that heart failure may predispose for the development of malignant disease,[23](#ehf212625-bib-0023){ref-type="ref"} although this was challenged by a more recent analysis.[24](#ehf212625-bib-0024){ref-type="ref"} This interplay may be based on systemic inflammation induced by one disease triggering the other. CRP and albumin are acute phase proteins synthesized by the liver, and secretion and serum levels are influenced by pro‐inflammatory cytokines.[25](#ehf212625-bib-0025){ref-type="ref"} Elevated CRP levels were associated with a 2.8‐fold increased risk for the development of congestive heart failure in the Framingham study.[3](#ehf212625-bib-0003){ref-type="ref"} CRP is known to be increased in chronic heart failure, and serum concentrations are related to functional limitation and prognosis, however, interestingly, not to the severity of LV dysfunction measured by ejection fraction.[26](#ehf212625-bib-0026){ref-type="ref"} Hypoalbuminemia is common in HFrEF patients and more prevalent with increasing age and disease severity and is independently associated with an increased risk of death.[27](#ehf212625-bib-0027){ref-type="ref"} Hypoalbuminemia is mainly caused by malnutrition, inflammation, and cachexia but also other factors as haemodilution, liver dysfunction, or nephrotic syndrome. There is clinical evidence that low albumin levels facilitate the onset of pulmonary oedema.[28](#ehf212625-bib-0028){ref-type="ref"} Albumin is discussed as a potentially modifiable risk factor in many cardiovascular diseases; however, it is unknown whether hypoalbuminemic HFrEF patients benefit from nutritional interventions or albumin administration.[29](#ehf212625-bib-0029){ref-type="ref"} Liver dysfunction and HFrEF often coexist may it due to shared risk factors or cardiohepatic interactions.[30](#ehf212625-bib-0030){ref-type="ref"} HFrEF itself may aggravate liver dysfunction owed to impaired haemodynamics resulting in chronic liver hypoxia and congestion that affects prognosis negatively and complicates management.[30](#ehf212625-bib-0030){ref-type="ref"} Increased liver biomarkers as well as hypalbuminaemia are associated with worse outcome in HFrEF.[31](#ehf212625-bib-0031){ref-type="ref"}

The inflammation‐based prognostic score mGPS combining CRP and albumin is simple to measure, easily available, and well standardized. The mGPS is currently the most validated risk score in cancer patients.[9](#ehf212625-bib-0009){ref-type="ref"} The mGPS has additional prognostic information in various cancer scenarios independent from tumour site and for both operable and inoperable disease states.[9](#ehf212625-bib-0009){ref-type="ref"} Although the role of inflammation has similarly been recognized in heart failure, inflammatory scores have not been integrated into HFrEF risk assessment. There was merely one report on the impact of the GPS on the prognosis in acutely decompensated heart failure patients showing a significant association between elevated scores and mortality. No data on chronic stable HFrEF patients can be revealed in the literature.

This study showed that the mGPS score is associated with heart failure severity reflected by NT‐proBNP levels and NYHA stages, and other routine laboratory markers related to prognosis, particularly liver biomarkers as GGT and BChE. Moreover, mGPS is an independent predictor for all‐over survival bearing additional information on top of NT‐proBNP. By that, we confirm the relationship between a more activated chronic inflammatory state and worse prognosis in heart failure and report the successful implementation of the cancer‐cohort‐derived mGPS risk score to a cohort with stable HFrEF patients. This represents the first description of the performance of a purely inflammation‐based risk score in this population. Moreover, this is one of the first reports on the significance of the mGPS for risk stratification in patient cohorts with a systemic disease other than cancer. As in cancer patients, the prognosis of HFrEF patients with an elevated mGPS is very poor, with an almost 3.0‐fold to 3.5‐fold probability for a lethal outcome within 3 years compared with patients with mGPS at 0. These patients may be offered multimodal therapy to delay worsening their quality of life and death.

The compensatory mechanisms accompanying heart failure cause an imbalance in anabolic/catabolic processes resulting in a loss of appetite, malabsorption, increased lipolysis, muscle wasting, and cardiac cachexia. Malnutrition in patients with heart failure is often underestimated, despite its association with poor outcome.[32](#ehf212625-bib-0032){ref-type="ref"} Simple malnutrition scores as the NRI are more closely related to outcome than BMI solely.[32](#ehf212625-bib-0032){ref-type="ref"} The NRI has been shown to be a valuable tool for risk prediction early identifying HFrEF patients with nutritional depletion prior to cardiac cachexia.[33](#ehf212625-bib-0033){ref-type="ref"} There is good evidence that mGPS is reliably associated with weight and muscle loss and poor performance suggesting that the score could well define the cachexia syndrome in cancer patients.[9](#ehf212625-bib-0009){ref-type="ref"} Similarly, our data have shown that an increase in mGPS is associated with a worsening in NRI confirming the close relationship between inflammation and nutritional decline in HFrEF.

In conclusion, this study has shown the clinical utility of the simple and objective inflammation‐based score in HFrEF patients emphasizing the important role of the individual inflammatory response to HF. An activated inflammatory state appears to be characteristic for a more advanced disease. The mGPS may help clinicians to identify HFrEF patients with worse prognosis with urgent need for intensified therapy and/or alternate treatment options.

Limitations {#ehf212625-sec-0016}
===========

The intention of this study is not to add another predictive risk score with superior performance compared with other available scores but to build the basis for common concepts of different diseases, that is, cancer and heart failure. This manuscript also does not compare the performance of the mGPS with other parameters or claims its superiority but aims to apply the concept of inflammatory state developed in cancer on heart failure. Whether the predictive value of mGPS is superior to its components might be tested in bigger cohorts. The mGPS might be a worthy supplement to multifactorial evaluations, however, similar to cancer, mGPS based management algorithms were not tested. One limitation of this study is that it has been conducted in a single centre. Laboratory measurements have been assessed only at a single time point and studies with serial measurements throughout disease progression might provide additional insights. Moreover, the additional determination of nonroutine inflammatory and nutritional markers may provide a better understanding of the interrelationship of heart failure, inflammation, and cachexia and their association with prognosis. A small number of patients in the highest mGPS group may be countered by the inclusion of patients with more advanced disease or decompensated heart failure.
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